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(57) A tape storage device which disregards a fault 
in recording of data on a tape recording medium is pro- 
vided. 

The tape storage device which sequentially records 
data, is characterized by including: a recording section 
which records a data freshness degree on a tape re- 
cording medium, in association with new data to be new- 
ly recorded, the data freshness degree being informa- 
tion indicating how new the new data is with respect to 
already-recorded old data; a determining section which 
determines whether or not a fault occurs in recording on 
the tape recording medium performed by the recording 
section; a reading section which reads a faulty portion 
freshness degree when it is determined that the fault oc- 
curs, the faulty portion freshness degree being the data 
freshness degree of a faulty portion on the tape record- 
ing medium; and a skip recording section which allows 
the recording section to record a data freshness degree 
higher than the faulty portion freshness degree, imme- 
diately before the faulty portion. 
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Description 

Technical Field 

[0001 ] The present invention relates to a tape storage 
device, a control unit, a control method, a program, and 
a recording medium. Thepresent invention particularly 
relates to a tape storage device, a control unit, a control 
method, a program, and a recording medium which dis- 
regard a write fault. 

Background Art 

[0002] Tape storage devices have been proposed that 
record data freshness degrees, which are information 
indicative of the degree of newness of new data to be 
newly recorded with respect to already-recorded old da- 
ta, on a tape recording medium while associating the 
data freshness degrees with the new data. These tape 
storage devices perform recording so that the data 
freshness degrees become monotonically nondecreas- 
ing in accordance with positions on a tape. 
[0003] In a tape storage device as mentioned above, 
when a fault occurs in which the value of a data fresh- 
ness degree to be written is erroneous, a whole tape 
recording medium is scanned to specify the maximum 
value of the data freshness degrees associated with al- 
ready-recorded old data, and then a data freshness de- 
gree that is higher than the maximum value is recorded 
in association with new data. However, the operation of 
the tape storage device scanning the whole tape record- 
ing medium is time-consuming. 

[0004] Accordingly, it is an object of the present inven- 
tion to provide a tape storage device, a control unit, a 
control method, a program, and a recording medium 
which are capableof solvingtheforegoing problem. This 
object is achieved by combinations of features set forth 
in independent claims in the scope of claims. Moreover, 
dependent claims prescribe further advantageous con- 
crete examples of the present invention. 

Disclosure of the Invention 

[0005] Specifically, according to a first mode of the 
present invention, a tape storage device sequentially re- 
cording data is provided which is characterized by in- 
cluding: a recording section which records a data fresh- 
ness degree on a tape recording medium, in association 
with new data to be newly recorded, the data freshness 
degree being information indicating how new the new 
data is with respect to already-recorded old data; a de- 
termining section which determines whether or not a 
fault occurs in recording on the tape recording medium 
performed by the recording section; a reading section 
which reads a faulty portion freshness degree when it is 
determined that the fault occurs, the faulty portion fresh- 
ness degree being the data freshness degree of a faulty 
portion on the tape recording medium; and a skip re- 



cording section which allows the recording section to 
record a data freshness degree higher than the faulty 
portion freshness degree, immediately before the faulty 
portion. The first mode of the present invention also pro- 
5 vides a control unit, a control method of controlling these 
device and unit, a program, and a recording medium 
storing the program. 

[0006] Further, according to a second mode of the 
present invention, a tape storage device sequentially re- 

10 cording data is provided which is characterized by in- 
cluding: a recording section which records a data fresh- 
ness degree on a tape recording medium, in association 
with new data to be newly recorded, the data freshness 
degree being information indicating how new the new 

15 data is with respect to already-recorded old data; a de- 
termining section which determines whether or not a 
fault occurs in recording on the tape recording medium 
performed by the recording section; and a skip recording 
section which allows the recording section to record a 

20 value when it is determined that the fault occurs, the val- 
ue indicating that a faulty portion on the tape recording 
medium retains old invalid data. The second mode of 
the present invention also provides a control unit, a con- 
trol method of controlling these device and unit, a pro- 

25 gram, and a recording medium storing the program. 
[0007] Note that the above-described summary of the 
invention does not list all necessary features of the 
present invention, and subcombinations of groups of 
these features can also be incorporated in the invention. 

30 

Brief Description of the Drawings 
[0008] 

35 Fig. 1 is a schematic diagram of a tape storage de- 
vice 10. 

Fig. 2 is a functional block diagram of the tape stor- 
age device 10. 

Fig. 3 shows an example of data to be recorded by 
40 a recording section 21 0. 

Fig. 4 shows examples of data freshness degrees 
which the tape storage device 10 records when a 
fault occurs in recording. 

Fig. 5 is a flowchart concerning the tape storage de- 
45 vice 10. 

Fig. 6 is a flowchart concerning a tape storage de- 
vice 10 in a first modification. 
Fig. 7 is afunctional block diagram of a tape storage 
device 10 in a second modification. 
50 Fig. 8 is a flowchart concerning the tape storage de- 
vice 10 in the second modification. 
Fig. 9 shows an example of a hardware configura- 
tion of the tape storage device 1 0 according to any 
of the embodiment and modifications. 

55 

Best Mode for Carrying Out the Invention 

[0009] Hereinafter, the present invention will be de- 
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scribed through an embodiment of the present inven- 
tion. However, the embodiment described below is not 
intended to limit the invention according to claims, and 
all combinations of the features described in the embod- 
iment are not necessarily essential for solving means of 
the present invention. 

[001 0] Fig. 1 is a schematic diagram of a tape storage 
device 10. The tape storage device 10 is connected to 
an external world through a network. The network is a 
networkfor I/O connection using, for example, IDE, SC- 
SI interfaces, USB, Fiber Channel, or the like. The tape 
storage device 1 0 can be loaded with a tape storage 
medium 80. The tape storage device 10 is loaded with 
the tape storage medium 80, and then reads and 
records data. The tape storage device 10 is, for exam- 
ple, a tape drive based on the Linear Tape Open (here- 
inafter, referred to as LTO) specifications. The tape stor- 
age medium 80 is, for example, a tape recording medi- 
um based on the LTO specifications. Note that the LTO 
specifications are open-format specifications jointly de- 
veloped by three companies: Hewlett-Packerd, IBM, 
and Seagate. 

[0011] The tape storage device 10 overwrites data 
which have been already recorded on the tape storage 
medium 80. The tape storage device 1 0 acquires a writ- 
ten data freshness degree, which is a data freshness 
degree for use in recording of data, from a written fresh- 
ness degree storing section provided on the tape stor- 
age medium 80. Using this written data freshness de- 
gree, the tape storage device 1 0 records a data fresh- 
ness degree, which is information indicative of the de- 
gree of newness of new data to be newly recorded with 
respect to already-recorded old data, on the tape stor- 
age medium 80 while associating the data freshness de- 
gree with the new data. When a fault occurs in recording 
on the tape storage medium 80, the tape storage device 
10 skips the faulty portion and continues recording. In 
this way, the tape storage device 10 can record data 
while making demarcation between a faulty portion, 
where already-recorded data remains, and new data. 
[001 2] When the tape storage device 1 0 according to 
this embodiment determines that a data freshness de- 
gree to be used in overwrite recording is erroneous, the 
tape storage device 1 0 can make demarcation between 
a faulty portion, where already-recorded data remains, 
and new data. That is, when a fault occurs in recording 
on the tape storage medium 80, the tape storage device 
10 performs recording on the tape storage medium 80 
so that the faulty portion will be distinguishable. 
[001 3] Fig. 2 is a functional block diagram of the tape 
storage device 1 0. The tape storage device 1 0 includes 
a tape drive unit 20 and a control unit 30. The tape drive 
unit 20 has an acquiring section 200, a recording section 
21 0 and a reading section 220. In Fig. 2, the tape stor- 
age medium 80 is mounted in thetape drive unit 20. The 
tape storage medium 80 has the written freshness de- 
gree storing section 85. The written freshness degree 
storing section 85 stores a written data freshness de- 



gree, which is a data freshness degree for use in writing. 
Moreover, the written freshness degree storing section 
85 stores a duplicate written date freshness degree, 
which is a copy of the written date freshness degree in 

5 question. In other words, the written freshness degree 
storing section 85 redundantly stores the written date 
freshness degree. Note that the written freshness de- 
gree storing section 85 is, for example, a nonvolatile re- 
cording medium. For example, the written freshness de- 

10 gree storing section 85 may be a flash memory or may 
be a SRAM. 

[0014] As an initial operation when the tape storage 
medium 80 is mounted, the acquiring section 200 ac- 
quires a written data freshness degree and a duplicate 
15 written data freshness degree from the written fresh- 
ness degree storing section 85. The acquiring section 
200 then sends the written data freshness degree and 
the duplicate written data freshness degree to a written 
freshness degree determining section 300. Moreover, 
20 the acquiring section 200 sends the written data fresh- 
ness degree to the recording section 21 0. 
[0015] Note that, although the initial operation of the 
acquiring section 200 when thetape storage medium 80 
is mounted is described above, the timing of this oper- 
as ation is not limited to when the tape storage medium 80 
is mounted. For example, this operation may be carried 
out when the tape storage device 1 0 is activated, when 
the whole tape storage device 1 0 is reset, when the pow- 
er to the tape storage device 1 0 is turned on, or when a 
30 new data group starts to be recorded. 

[0016] In addition, the acquiring section 200 executes 
the following operations every time the recording sec- 
tion 210 records data on a tape recording medium. The 
acquiring section 200 receives a data freshness degree 
35 from the recording section 210. The acquiring section 
200 then duplicates this data freshness degree. The ac- 
quiring section 200 records the data freshness degree 
and the copy thereof on the written freshness degree 
storing section 85, as a written data freshness degree 
40 and a duplicate written data freshness degree, respec- 
tively. Here, the data freshness degree is, for example, 
WP (Write Pass) information based on the LTO specifi- 
cations. 

[0017] The recording section 21 0 receives written da- 
45 ta freshness degrees from the acquiring section 200 and 
a skip recording section 320. When the recording sec- 
tion 210 receives a written data freshness degree from 
the skip recording section 320, the recording section 
210 performs recording using this written data freshness 
50 degree. When the recording section 210 does not re- 
ceive a written data freshness degree from the skip re- 
cording section 320, the recording section 21 0 performs 
recording using a written data freshness degree re- 
ceived from the acquiring section 200. Using any of 
55 these written data freshness degrees, the recording 
section 210 records a data freshness degree, which is 
information indicative of the degree of newness of new 
data to be newly recorded with respect to already-re- 
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corded old data, on the tape storage medium 80 while 
associating the data freshness degree with the new da- 
ta. Moreover, the recording section 210 sends a data 
reco rd i n g state ( i nf o rm ati o n ab o ut w h eth e r o r n ot t h e re- 
cording has succeeded, information about whether or 
not data to be written have been finished, a last-record- 
ed data freshness degree, or the like) to each of the 
reading section 220, a determining section 31 0 and the 
skip recording section 320. Furthermore, every time the 
recording section 210 records a data freshness degree, 
the recording section 21 0 sends this data freshness de- 
gree to the acquiring section 200. 
[0018] The reading section 220 receives a written 
freshness degree error notification, which indicates that 
the written data freshness degree is erroneous, from the 
written freshness degree determining section 300. 
Moreover, the reading section 220 receives a fault noti- 
fication, which indicates the determination that a fault 
occurs in recording on the tape storage medium 80, from 
the determining section 310. When the reading section 
220 receives a written freshness degree error notifica- 
tion and also receives a fault notification, then the read- 
ing section 220 reads a faulty portion freshness degree, 
which is the data freshness degree of a faulty portion on 
the tape storage medium 80. The reading section 220 
then sends the faulty portion freshness degree to the 
skip recording section 320. 

[0019] Moreover, the reading section 220 receives a 
data recording state from the recording section 210. The 
reading section 220 then analyzes the data recording 
state and thereby determines whether or not the last of 
data to be sequentially recorded by the recording sec- 
tion 21 0 has been recorded. When the last of data to be 
sequentially recorded by the recording section 21 0 has 
been recorded, the reading section 220 reads an end 
portion freshness degree, which is the data freshness 
degree of a predetermined area ahead of a location 
where the data in question is recorded on the tape stor- 
age medium 80. The reading section 220 then sends 
this end portion freshness degree to the skip recording 
section 320. Here, the predetermined area ahead of the 
location where the data is recorded, is an area where a 
search for a higher data freshness degree is continued 
because there is still a possibility of the presence of new 
data, after the tape storage device 1 0 has read the last- 
recorded data from the tape storage medium 80. 
[0020] As an initial operation when the tape storage 
medium 80 is mounted, the written freshness degree de- 
termining section 300 receives a written data freshness 
degree and a duplicate written data freshness degree 
from the acquiring section 200. The written freshness 
degree determining section 300 determines whether or 
not the written data freshness degree is erroneous, by 
comparing the written data freshness degree and the 
duplicate written data freshness degree. When the writ- 
ten data freshness degree and the duplicate written data 
freshness degree are different from each other, the writ- 
ten freshness degree determining section 300 deter- 



mines that the written data freshness degree is errone- 
ous and sends a written freshness degree error notifi- 
cation to each of the reading section 220 and the skip 
recording section 320. In this embodiment, the written 

5 freshness degree determining section 300 determines 
that a written data freshness degree is erroneous when 
the written data freshness degree and its duplicate writ- 
ten data freshness degree are different from each other. 
However, a method of determining the erroneousness 

10 of a written data freshness degree is not limited to the 
foregoing embodiment. For example, the written fresh- 
ness degree determining section 300 may determines 
that a written data freshness degree is erroneous when 
the written data freshness degree cannot be acquired 

15 even after the tape storage medium 80 has been mount- 
ed. 

[0021] The determining section 310 receives a data 
recording state from the recording section 21 0. The de- 
termining section 310 then analyzes the data recording 

20 state and thereby determines whether or not a fault oc- 
curs in recording on the tape storage medium 80 per- 
formed by the recording section 210. When the deter- 
mining section 31 0 determines that a fault occurs in re- 
cording on the tape storage medium 80, the determining 

25 section 31 0 sends a fault notification to each of the read- 
ing section 220 and the skip recording section 320. 
[0022] The skip recording section 320 receives a writ- 
ten freshness degree error notification from the written 
freshness degree determining section 300. Moreover, 

30 the skip recording section 320 receives a fault notifica- 
tion from the determining section 310. When the skip 
recording section 320 receives a written freshness de- 
gree error notification and also receives a fault notifica- 
tion, then the skip recording section 320 receives a 

35 faulty portion freshness degree from the reading section 
220. Thereafter, the skip recording section 320 receives 
a data recording state from the recording section 210. 
The skip recording section 320 analyzes the data re- 
cording state and thereby specifies a data freshness de- 

40 gree recorded immediately before the faulty portion prior 
to the occurrence of the fault. Subsequently, the skip re- 
cording section 320 determines whether or not the data 
freshness degree recorded immediately before the 
faulty portion is higher than the faulty portion freshness 

45 degree. When the skip recording section 320 deter- 
mines that the data freshness degree recorded imme- 
diately before the faulty portion is higher than the faulty 
portion freshness degree, the skip recording section 320 
retains the data freshness degree recorded immediately 

50 before the faulty portion without changing it. When the 
skip recording section 320 determines that the data 
freshness degree recorded immediately before the 
faulty portion is not higher than the faulty portion fresh- 
ness degree, the skip recording section 320 sends a da- 

55 ta freshness degree that is higher than the faulty portion 
freshness degree to the recording section 21 0, as a writ- 
ten data freshness degree. 

[0023] Subsequently, the skip recording section 320 
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sends the recording section 210 a data freshness de- 
gree that is equal to or higher than the data freshness 
degree just recorded immediately before the faulty por- 
tion, and allows the recording section 21 0 to record the 
sent data freshness degree, immediately before the 
faulty portion. In this way, the skip recording section 320 
can allows the recording section 210 to record a data 
freshness degree that is higher than a faulty portion 
freshness degree, immediately before a faulty portion. 
Accordingly, the skip recording section 320 enables da- 
ta and data freshness degrees to be continuously re- 
corded in portions subsequent to the faulty portion on 
the tape storage medium 80. 

[0024] In addition, when the skip recording section 
320 receives an end portion freshness degree from the 
reading section 220, the skip recording section 320 
sends a data freshness degree that is higher than the 
end portion freshness degree to the recording section 
210, as a written data freshness degree. The skip re- 
cording section 320 then allows the data freshness de- 
gree, which is higher than the data freshness degree of 
a predetermined area ahead of a location where the last 
data is written, to be recorded in association with the 
data. In this way, the skip recording section 320 can 
record new valid data while making it distinguishable 
from old data which have been already recorded ahead 
of the last data. 

[0025] Note that, although the initial operation of the 
skip recording section 320 when the tape storage me- 
dium 80 is mounted is described above, the timing of 
this operation is not limited to when the tape storage 
medium 80 is mounted. Forexample, this operation may 
be carried out when the tape storage device 1 0 is acti- 
vated, when the whole tape storage device 1 0 is reset, 
when the power to the tape storage device 1 0 is turned 
on, or when a new data group starts to be recorded. 
[0026] Fig. 3 shows an example of data to be recorded 
by the recording section 210. The horizontal axis repre- 
sents the position on a tape. Fig. 3 shows that first data 
500, a first data freshness degree 505, a separator 51 0, 
second data 520, and a second data freshness degree 
525 are sequentially recorded on a tape. The recording 
section 210 records the data freshness degree, which 
is information indicative of the degree of newness of new 
data to be newly recorded with respect to already-re- 
corded old data, on the tape storage medium 80 while 
associating the data freshness degree with the new da- 
ta. For example, in Fig. 3, the recording section 210 
records a value of 1 00 in hexadecimal, which is the first 
data freshness degree 505, in association with the first 
data 500. After recording the first data 500 and the first 
data freshness degree 505, the recording section 210 
records the separator 51 0, which indicates a boundary 
between data groups. Subsequently, the recording sec- 
tion 210 records a value of 200 in hexadecimal, which 
is the second data freshness degree 525, in association 
with the second data 520. Thereafter, the recording sec- 
tion 210 similarly continues recording data and data 



freshness degrees until data to be recorded are finished, 
or until the tape recording medium 80 ends. 
[0027] As described above, the recording section 21 0 
sequentially records data freshness degrees so that the 

5 data freshness degrees degree of a value (a), which is 
a datafreshness degree equal to or higherthan the max- 
imum value of the first graph 700. The tape storage de- 
vice 1 0 uses the written datafreshness degree indicated 
by the value (a) in the next writing. 

10 [0028] Next, the tape storage device 10 performs 
overwrite recording at the same positions on the tape 
where the above-described recording has been per- 
formed. 

[0029] In the example shown in this drawing, it is as- 

15 sumed that the written freshness degree storing section 
85 has stored a value (b), which is an erroneous written 
data freshness degree. That is, it is assumed that the 
value of a written data freshness degree to be stored in 
the written freshness degree storing section 85 has 

20 been changed since the recording section 21 0 recorded 
the data freshness degrees indicated by the first graph 
700. The tape storage device 1 0 records data freshness 
degrees indicated by a second graph 71 0, by performing 
overwrite recording on the datafreshness degrees indi- 

25 cated by the first graph 700. At a portion of occurrence 
of a fault (2) , the tape storage device 1 0 skips the portion 
of the occurrence of a fault (2) and continues recording. 
However, if the tape storage device 1 0 simply skipped 
the portion of the occurrence of a fault (2) and continued 

30 recording, the tape storage device 1 0 cannot record da- 
ta freshness degrees correctly. That is, the data fresh- 
ness degree (e.g., the first graph 700) of data which has 
been already recorded on a tape recording medium will 
be higherthan the data freshness degree of new data. 

35 Therefore, if the new data is continuously recorded in a 
manner of skipping the portion where the data has been 
recorded, the data freshness degree of data to be re- 
corded after the skipping will be lower than the data 
freshness degree of the portion skipped due to the oc- 

40 currence of a fault. As a result, the new data recorded 
after the skipping will be regarded as old data when the 
data are read out. 

[0030] Hence, in this embodiment, the tape storage 
device 1 0 records a datafreshness degree that is higher 

45 than the data freshness degree of the portion of the oc- 
currence of a fault (2) , immediately before the portion 
of the occurrence of a fault (2), as in the example shown 
in Fig. 4. Using this newly recorded data freshness de- 
gree, the tape storage device 1 0 skips the portion of the 

50 occurrence of a fault (2) and continues recording. 

[0031 ] As described above, even when a written data 
freshness degree is erroneous, the tape storage device 
1 0 can correctly record a datafreshness degree to make 
demarcation between already-recorded data and new 

55 data. 

[0032] Fig. 5 is a flowchart concerning the tape stor- 
age device 1 0. The written freshness degree determin- 
ing section 300 determines whether or not a written data 
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freshness degree is erroneous (S410). When the written 
data freshness degree is not erroneous (S41 0: NO), the 
tape storage device 1 0 performs normal write operation 
(S420). 

[0033] When it is determined that the written data 
freshness degree become monotonically nondecreas- 
ing in accordance with positions on a tape. That is, the 
recording section 210 can record data and data fresh- 
ness degrees so that a data freshness degree associ- 
ated with new data to be newly recorded becomes high- 
er than a data freshness degree associated with al- 
ready-recorded old data. 

[0034] Fig. 4 shows examples of the data freshness 
degree which the tape storage device 1 0 records when 
a fault occurs in recording. The horizontal axis repre- 
sents the position on a tape. The vertical axis represents 
the data freshness degree. Fig. 4 shows an example of 
a case where the tape storage device 10 first records 
data and data freshness degrees and then performs 
overwrite recording in the same positions on a tape 
where the foregoing recording has been performed. 
First, as indicated by a first graph 700, the tape storage 
device 1 0 sequentially records data freshness degrees. 
For example, at a portion of occurrence of a fault (1), 
the tape storage device 10 skips the faulty portion and 
continues recording in portions ahead of the faulty por- 
tion. Therefore, in the portion of the occurrence of a fault 
(1 ) , the tape storage device 1 0 leaves a data freshness 
degree as it is which has been recorded since before 
the data freshness degrees indicated by the first graph 
700 are recorded. Accordingly, when reading data, the 
tape storage device 10 can recognize that old data is 
stored in the portion of the occurrence of a fault (1 ). After 
the data freshness degrees indicated by the first graph 
700 have been stored, the written freshness degree 
storing section 85 stores a written data freshness is er- 
roneous (S410: YES), the tape storage device 10 re- 
peats the following operations. The recording section 
210 records data and the data freshness degree in as- 
sociation with the data (S430). More specifically, the re- 
cording section 21 0 uses the written data freshness de- 
gree determined to be erroneous, as an initial value of 
the data freshness degree. Alternatively, the recording 
section 210 may use the duplicate written data fresh- 
ness degree. The recording section 210 then sequen- 
tially records data freshness degrees so that the data 
freshness degrees become monotonically nondecreas- 
ing in accordance with positions on the tape. Note that 
the recording section 21 0 may use a predetermined val- 
ue as the initial value of the data freshness degree. Sub- 
sequently, the reading section 220 determines whether 
or not data to be written have been finished (S435). 
When it is determined that the data to be written have 
been finished (S435: YES) , the reading section 220 
reads the data freshness degree of a predetermined ar- 
ea ahead of a location where the last of the data is writ- 
ten. The skip recording section 320 then allows a data 
freshness degree that is higher than the read data fresh- 



ness degree, to be recorded in association with the last 
data (S437). 

[0035] When it is not determined that the data to be 
written have been finished (S435: NO), the determining 

5 section 31 0 determines whether or not a fault occurs in 
recording of the data (S440). When it is determined that 
a fault occurs in recording of the data (S440: YES), the 
reading section 220 reads a faulty portion freshness de- 
gree (S450). Subsequently, the determining section 31 0 

10 determines whether or not the data freshness degree 
immediately before the faulty portion is higher than the 
faulty portion freshness degree (S460). When it is not 
determined that the data freshness degree immediately 
before the faulty portion is higherthan the faulty portion 

15 freshness degree (S460: NO), the skip recording sec- 
tion 320 records a data freshness degree that is higher 
than the faulty portion freshness degree, immediately 
before the faulty portion (S470). 
[0036] In this way, when a fault occurs in recording of 

20 data, the tape storage device 10 can disregard the faulty 
portion and continue recording even if a written data 
freshness degree is erroneous. 

[0037] Fig. 6 is a flowchart concerning a tape storage 
device 10 in a first modification. Afunctional block dia- 

25 gram of the tape storage device 1 0 according to the first 
modification is similar to that of the tape storage device 
1 0 shown in Fig. 2. Moreover, the functions of the tape 
storage device 1 0 according to the first modification are 
similar to those of the tape storage device 1 0 shown in 

30 Fig. 2 except the determining section 310. Therefore, 
the function of the determining section 310 will be de- 
scribed in Fig. 6. The operations in S510, S520, S530, 
S535, S537, S540, S550, and S560 shown in this draw- 
ing are similar to those in S410, S420, S430, S435, 

35 S437, S440, S450, and S460 shown in Fig. 5, respec- 
tively, and therefore description thereof will be omitted. 
[0038] When the determining section 310 does not 
determine that the data freshness degree immediately 
before the faulty portion is higherthan the faulty portion 

40 freshness degree (S560: NO), the skip recording sec- 
tion 320 according to this modification records a data 
freshness degree that is lower than the data freshness 
degree recorded immediately before the faulty portion, 
in the faulty portion (S570). In this way, when it is deter- 

45 mined that afault occurs, the skip recording section 320, 
based on a faulty portion freshness degree, can allow a 
data freshness degree indicating that the data will be 
overwritten except the faulty portion, to be recorded. Ac- 
cordingly, the tape storage device 10 can disregard a 

50 faulty portion by additionally performing recording on the 
faulty portion, without rewinding the tape up to a portion 
immediately before the faulty portion. 
[0039] Fig. 7 is a functional block diagram of a tape 
storage device 10 in a second modification. The tape 

55 storage device 10 according to this modification in- 
cludes a tape drive unit 20 and a control unit 30. The 
tape drive unit 20 has an acquiring section 230 and a 
recording section 240. The control unit 30 has awritten 
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freshness degree determining section 330, a determin- 
ing section 340 and a skip recording section 350. The 
tape storage medium 80 and the written freshness de- 
gree storing section 85 are similar to those shown in Fig. 
2. In addition, the operation of the acquiring section 230 
is substantially the same as that of the acquiring section 
200 in Fig. 2, and therefore description thereof will be 
omitted. 

[0040] The recording section 240 receives written da- 
ta freshness degrees from the acquiring section 230 and 
the skip recording section 350. When the recording sec- 
tion 240 receives a written data freshness degree from 
the skip recording section 350, the recording section 
240 performs recording using this written data freshness 
degree. When the recording section 240 does not re- 
ceive a written data freshness degree from the skip re- 
cording section 350, the recording section 240 performs 
recording using a written data freshness degree re- 
ceived from the acquiring section 230. The recording 
section 240 records any of these written data freshness 
degrees on the tape storage medium 80, in association 
with data. Moreover, the recording section 240 sends a 
data recording state (whether or not the recording has 
succeeded , whether or not data to be written have been 
finished, or the like) to each of the determining section 
340 and the skip recording section 350. 
[0041] As an initial operation when the tape storage 
medium 80 is mounted, the written freshness degree de- 
termining section 330 receives a written data freshness 
degree from the acquiring section 230. The written 
freshness degree determining section 330 determines 
whether or not the written data freshness degree is er- 
roneous. When the written freshness degree determin- 
ing section 330 determines that the written data fresh- 
ness degree is erroneous, the written freshness degree 
determining section 330 sends awritten freshness de- 
gree error notification to the skip recording section 350. 
[0042] The determining section 340 receives a data 
recording state from the recording section 240. The de- 
termining section 340 then analyzes the data recording 
state and thereby determines whether or not a fault oc- 
curs in recording on the tape storage medium 80 per- 
formed by the recording 240. When the determining sec- 
tion 340 determines that a fault occurs in recording on 
the tape storage medium 80, the determining section 
340 sends a fault notification to the skip recording sec- 
tion 350. 

[0043] The skip recording section 350 receives a writ- 
ten freshness degree error notification from the written 
freshness degree determining section 330. Moreover, 
the skip recording section 350 receives a fault notifica- 
tion from the determining section 340. When the skip 
recording section 350 receives a written freshness de- 
gree error notification and also receives a fault notifica- 
tion, the skip recording section 350 receives a data re- 
cording state from the recording section 240. The skip 
recording section 350 analyzes the data recording state 
and thereby specifies a data freshness degree recorded 



immediately before the faulty portion. The skip recording 
section 350 then sends the recording section 240 a data 
freshness degree that is lower than the data freshness 
degree recorded immediately before the faulty portion, 
5 as a written data freshness degree, and allows the re- 
cording section 240 to record the sent data freshness 
degree in the faulty portion. 

[0044] Accordingly, when it is determined that a fault 
occurs, the skip recording section 350 can allow the re- 
10 cording section 240 to record a value indicating that the 
faulty portion on the tape storage medium 80 retains old 
invalid data. 

[0045] Note that, although the skip recording section 
350 uses a data freshness degree that is lower than the 

15 data freshness degree recorded immediately before a 
faulty portion as a value to be recorded in the faulty por- 
tion in this embodiment, a valueto be recorded in afaulty 
portion is not limited to this. For example, the skip re- 
cording section 350 may record a predetermined data 

20 pattern in a faulty portion. For example, the skip record- 
ing section 350 may record a value such as the separa- 
tor 510 in Fig. 2 indicative of not being valid data. The 
skip recording section 350 may record a DSS (Data Sig- 
nal Separator) based on the LTO specifications as the 

25 separator 510. 

[0046] Fig. 8 is a flowchart concerning the tape stor- 
age device 10 in the second modification. The written 
freshness degree determining section 330 determines 
whether or not a written data freshness degree is erro- 

30 neous (S71 0). When the written data freshness degree 
is not erroneous (S710: NO), the tape storage device 
10 performs normal write operation (S720). 
[0047] Next, when the written data freshness degree 
is erroneous (S710: YES), the tape storage device 10 

35 repeats the following operations. The recording section 
240 records data and the data freshness degree in as- 
sociation with the data (S730). More specifically, the re- 
cording section 240 uses the written data freshness de- 
gree determined to be erroneous, as an initial value of 

40 the data freshness degree. Alternatively, the recording 
section 240 may use the duplicate written data fresh- 
ness degree. Thereafter, the recording section 240 se- 
quentially records data freshness degrees so that the 
data freshness degrees become monotonically nonde- 

45 creasing in accordance with positions on the tape. Note 
that the recording section 240 may use a predetermined 
value as the initial value of the data freshness degree. 
Subsequently, the recording section 240 determines 
whether or not data to be written have been finished 

50 (S735). When it is not determined that the data to be 
written have been finished (S735: NO) , the determining 
section 340 determines whether or not a fault occurs in 
recording of the data (S740). When it is determined that 
a fault occurs in recording of the data, the skip recording 

55 section 350 writes a predetermined pattern indicating 
that the faulty portion retains old invalid data (S750). 
[0048] As described above, the tape storage device 
10 according to this modification can record new data 
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while making it distinguishable from old data recorded 
in a faulty portion, by additionally performing recording 
on the faulty portion, without reading the data freshness 
degree of the faulty portion. 

[0049] Fig. 9 shows an example of a hardware con- 
figuration of the tape storage device 1 0 according to any 
of the embodiment and modifications described above. 
The tape storage device 1 0 includes the tape drive unit 
20 and the control unit 30. The functions of the control 
unit 30 are implemented by the cooperation of a com- 
puter, including a CPU 800, a ROM 802, a RAM 804, 
and a communications interface (communications l/F) 
806, and a program executed on the computer. 
[0050] The program implementing the control unit 30 
includes a written freshness degree determining mod- 
ule, a determining module and a skip recording module. 
These modules are programs to cause the computer to 
function as the written freshness degree determining 
section 300, the determining section 310, the skip re- 
cording section 320, the written freshness degree de- 
termining section 330, determining section 340, and the 
skip recording section 350. 

[0051] The above-mentioned programs or modules 
may be stored on an external storage medium. For the 
storage medium, it is possible to use a diskette 812 or 
a CD-ROM 810, and further, an optical recording medi- 
um such as a DVD or PD, a magneto-optic recording 
medium such as an MD, a tape medium, a semiconduc- 
tor memory such as an IC card, or the like. The program 
stored on any of these storage media is provided to the 
control unit 30 via a server or the like connected to the 
control unit 30 through a network. Moreover, a storage 
device such as a hard disk or RAM installed in a server 
or the like connected to a private communication net- 
work or the Internet, may be used as a recording medi- 
um, and the program may be provided to the control unit 
30 through the network. 

[0052] As described above, when a data freshness 
degree is defective, and at the same time, a fault occurs 
in recording of data, the tape storage device 10 carries 
out the operations, such as reading and writing, on a 
tape recording medium and thus disregards the faulty 
portion. For example, the tape storage device 10 
records a data freshness degree that is higher than the 
data freshness degree of a faulty portion, immediately 
before the faulty portion. Then, using the data freshness 
degree that is higher than the data freshness degree of 
the faulty portion, the tape storage device 1 0 skips the 
faulty portion and continuously records data. In this 
case, the tape storage device 10 can make the data 
freshness degree immediately before a faulty portion 
higher than the data freshness degree of the faulty por- 
tion. Accordingly, even when it is determined that a data 
freshness degree for use in overwrite recording is erro- 
neous, the tape storage device 10 can make demarca- 
tion between a faulty portion, where already-recorded 
data remains, and new data. 

[0053] Further, the tape storage device 10 performs 



the above-described recording operations limitedly in a 
narrow area, such as a faulty portion and its surrounding 
area on a tape. Therefore, the tape storage device 10 
can effectively disregard a fault and continue recording. 

5 [0054] According to the above-described embodi- 
ment, a tape storage device, a control unit, a control 
method, a program, and a recording medium which are 
described in the following respective items, are realized. 
(Item 1) A tape storage device which sequentially 

10 records data, including: a recording sectionwhich 
records a data freshness degree on a tape recording 
medium, in association with new data to be newly re- 
corded, the data freshness degree being information in- 
dicating how new the new data is with respect to al- 

15 ready-recorded old data; a determining section which 
determines whether or not a fault occurs in recording on 
the tape recording medium performed by the recording 
section; a reading section which reads a faulty portion 
freshness degree when it is determined that the fault oc- 

20 curs, the faulty portion freshness degree being the data 
freshness degree of a faulty portion on the tape record- 
ing medium; and a skip recording section which allows 
the recording section to record a data freshness degree 
higher than the faulty portion freshness degree, imme- 

25 diately before the faulty portion. 

(Item 2) The tape storage device according to Item 1 , 
wherein when it is determined that the data freshness 
degree recorded immediately before the faulty portion 
prior to occurrence of the fault is higher than the faulty 

30 portion freshness degree, the skip recording section re- 
tains the data freshness degree recorded immediately 
before the faulty portion prior to occurrence of the fault, 
without changing it. 

(Item 3) The tape storage device according to Item 1, 

35 wherein the skip recording section continuously records 
data and data freshness degrees in portions subse- 
quenttothefaulty portion onthetape recording medium, 
using a data freshness degree that is equal to or higher 
than the data freshness degree just recorded immedi- 

40 ately before the faulty portion. 

(Item 4) The tape storage device according to Item 1 , 
wherein when the data is the last of data to be sequen- 
tially recorded by the recording section, the reading sec- 
tion reads the data freshness degree of a predetermined 

45 area ahead of a location where the last data is to be 
recorded on the tape recording medium, and the skip 
recording section allows the recording section to record 
a data freshness degree higher than the data freshness 
degree of the predetermined area, in association with 

50 the data. 

(Item 5) The tape storage device according to Item 1 , 
further including: an acquiring section which acquires a 
written data freshness degree from the tape recording 
medium, the written data freshness degree being a data 
55 freshness degree for use in recording on the tape re- 
cording medium; and a written freshness degree deter- 
mining section which determines whether or notthe writ- 
ten data freshness degree is erroneous, wherein in a 
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case where it is determined that the written data fresh- 
ness degree is erroneous, the reading section reads the 
faulty portion freshness degree, which is the data fresh- 
ness degree of a faulty portion in recording on the tape 
recording medium, when it is determined that the fault 
occurs, and the skip recording section allows the record- 
ing section to record a data freshness degree higher 
than the faulty portion freshness degree, immediately 
before the faulty portion. 

(Item 6) A tape storage device which sequentially 
records data, including: a recording sectionwhich 
records a data freshness degree on a tape recording 
medium, in association with new data to be newly re- 
corded, the data freshness degree being information in- 
dicating how new the new data is with respect to al- 
ready-recorded old data; a determining section which 
determines whether or not a fault occurs in recording on 
the tape recording medium performed by the recording 
section; and a skip recording section which allows the 
recording section to record a value when it is determined 
that the fault occurs, the value indicating that a faulty 
portion on the tape recording medium retains old invalid 
data. 

(Item 7) The tape storage device according to Item 6, 
wherein the skip recording section records a data fresh- 
ness degree lower than the data freshness degree re- 
corded immediately before the faulty portion, in the 
faulty portion. 

(Item 8) The tape storage device according to Item 6, 
further including a reading section which reads a faulty 
portion freshness degree when it is determined that the 
fault occurs, the faulty portion freshness degree being 
the data freshness degree of the faulty portion, wherein, 
based on the faulty portion freshness degree, the skip 
recording section allows the recording section to record 
a data freshness degree indicating that the data will be 
overwritten except the faulty portion. 
(Item 9) The tape storage device according to any one 
of Items 1 to 8, wherein the tape storage device is a tape 
drive based on the LTO specifications, and the tape re- 
cording medium is a tape recording medium based on 
the LTO specifications. 

(Item 1 0) A control unit for controlling a tape drive unit 
including a recording section which sequentially records 
a data freshness degree on a tape recording medium, 
in association with new data to be newly recorded, and 
a reading section which reads a data freshness degree, 
the data freshness degree being information indicating 
how new the new data is with respect to already-record- 
ed old data, the control unit including: a determining sec- 
tion which determines whether or not a fault occurs in 
recording on the tape recording medium performed by 
the recording section, and which allows the reading sec- 
tion to read a faulty portion freshness degree when it is 
determined that the fault occurs, the faulty portion fresh- 
ness degree being the data freshness degree of a faulty 
portion on the tape recording medium; and a skip re- 
cording section which allows the recording section to 



record a data freshness degree higher than the faulty 
portion freshness degree, immediately before the faulty 
portion. 

(Item 11) A control unit for controlling a tape drive unit 
5 including a recording section which records a datafresh- 
ness degree on a tape recording medium, in association 
with new data to be newly recorded, and a reading sec- 
tion which reads a data freshness degree, the data 
freshness degree being information indicating how new 
10 the new data is with respect to already-recorded old da- 
ta, the control unit including: a determining section 
which determines whether or not a fault occurs in re- 
cording on the tape recording medium performed by the 
recording section; and a skip recording section which 
15 allows the recording section to record a value when it is 
determined that the fault occurs, the value indicating 
that a faulty portion on the tape recording medium re- 
tains old invalid data. 

(Item 1 2) A control method of controlling a tape storage 
20 device which sequentially records data, the method in- 
cluding the steps of: allowing a data freshness degree 
to be recorded on a tape recording medium, in associ- 
ation with new data to be newly recorded, the data fresh- 
ness degree being information indicating how new the 
25 new data is with respect to already-recorded old data; 
determining whether or not a fault occurs in recording 
on the tape recording medium; allowing a faulty portion 
freshness degree to be read when it is determined that 
the fault occurs, the faulty portion freshness degree be- 
so ing the data freshness degree of a faulty portion on the 
tape recording medium; and allowing a data freshness 
degree higher than the faulty portion freshness degree 
to be recorded immediately before the faulty portion. 
(Item 1 3) A control method of controlling a tape storage 
35 device which sequentially records data, the method in- 
cluding the steps of: allowing a data freshness degree 
to be recorded on a tape recording medium, in associ- 
ation with new data to be newly recorded, the data fresh- 
ness degree being information indicating how new the 
40 new data is with respect to already-recorded old data; 
determining whether or not a fault occurs in recording 
on the tape recording medium; and allowing a value to 
be recorded when it is determined that the fault occurs, 
the value indicating that a faulty portion on the tape re- 
45 cording medium retains old invalid data. 

(Item 14) The control method according to Item 12 or 
13, wherein the tape storage device is a tape drive 
based on the LTO specifications, and the tape recording 
medium is a tape recording medium based on the LTO 
50 specifications. 

(Item 1 5) A program for controlling a tape storage device 
by using a computer, the tape storage device sequen- 
tially recording data, the program allowing the computer 
to realize: a function of recording a data freshness de- 
55 gree on a tape recording medium, in association with 
new data to be newly recorded, the data freshness de- 
gree being information indicating how new the new data 
is with respect to already-recorded old data; a function 
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of determining whether or not a fault occurs in recording 
on the tape recording medium; a function of reading a 
faulty portion freshness degree when it is determined 
that the fault occurs, the faulty portion freshness degree 
being the data freshness degree of a faulty portion on 
the tape recording medium; and a function of recording 
a data freshness degree higher than the faulty portion 
freshness degree, immediately before the faulty portion. 
(Item 1 6) A program for controlling a tape storage device 
by using a computer, the tape storage device sequen- 
tially recording data, the program allowing the computer 
to realize: a function of recording a data freshness de- 
gree on a tape recording medium, in association with 
new data to be newly recorded, the data freshness de- 
gree being information indicating how new the new data 
is with respect to already-recorded old data; a function 
of determining whether or not a fault occurs in recording 
on the tape recording medium; and a function of record- 
ing a value when it is determined that the fault occurs, 
the value indicating that a faulty portion on the tape re- 
cording medium retains old invalid data. 
(Item 17) The program according to Item 15 or 16, 
wherein the tape storage device is a tape drive based 
on the LTO specifications, and the tape recording me- 
dium is a tape recording medium based on the LTO 
specifications. 

(Item 1 8) A recording medium storing a program for con- 
trolling a tape storage device by using a computer, the 
tape storage device sequentially recording data, the 
program allowing the computer to realize: a function of 
recording a data freshness degree on a tape recording 
medium, in association with new data to be newly re- 
corded, the data freshness degree being information in- 
dicating how new the new data is with respect to al- 
ready-recorded old data; a function of determining 
whether or not a fault occurs in recording on the tape 
recording medium; a function of reading a faulty portion 
freshness degree when it is determined that the fault oc- 
curs, the faulty portion freshness degree being the data 
freshness degree of a faulty portion on the tape record- 
ing medium; and a function of recording a data fresh- 
ness degree higher than the faulty portion freshness de- 
gree, immediately before the faulty portion. 
(Item 1 9) A recording medium storing a program for con- 
trolling a tape storage device by using a computer, the 
tape storage device sequentially recording data, the 
program allowing the computer to realize: a function of 
recording a data freshness degree on a tape recording 
medium, in association with new data to be newly re- 
corded, the data freshness degree being information in- 
dicating how new the new data is with respect to al- 
ready-recorded old data; a function of determining 
whether or not a fault occurs in recording on the tape 
recording medium; and a function of recording a value 
when it is determined that the fault occurs, the value in- 
dicating that a faulty portion on the tape recording me- 
dium retains old invalid data. 

(Item 20) The recordingmedium according to Item 1 8 or 



19, wherein the tape storage device is a tape drive 
based on the LTO specifications, and the tape recording 
medium is a tape recording medium based on the LTO 
specifications. 

5 [0055] Although the present invention has been de- 
scribed above using the embodiment, the technical 
scope of the present invention is not limited to the scope 
described in the embodiment. It is possible to add vari- 
ous alterations or modifications to the above-described 

10 embodiment. It is apparent from description in the scope 
of claims that modes to which such alterations or mod- 
ifications are added can be incorporated in the technical 
scope of the present invention. 

[0056] As apparent from the above description, ac- 
15 cording to the present invention, it is possible to disre- 
gard a fault in recording on a tape recording medium. 



Claims 

20 

1. A tape storage device which sequentially records 
data, comprising: 

a recording section which records a data fresh- 
es ness degree on atape recording medium, in as- 
sociation with new data to be newly recorded, 
the data fresh ness degree being information in- 
dicating how new the new data is with respect 
to already-recorded old data; 
30 a determining section which determines wheth- 
er or not a fault occurs in recording on the tape 
recording medium performed by the recording 
section; 

a reading section which reads a faulty portion 
35 freshness degree when it is determined thatthe 

fault occurs, the faulty portion freshness de- 
gree being the data freshness degree of a faulty 
portion on the tape recording medium; and 
a skip recording section which allows the re- 
40 cording section to record a data freshness de- 

gree higher than the faulty portion freshness 
degree, immediately before the faulty portion. 

2. The tape storage device according to claim 1 , 
45 wherein when it is determined that the data fresh- 
ness degree recorded immediately before the faulty 
portion prior to occurrence of the fault is higher than 
the faultyportion freshness degree, the skip record- 
ing section retains the data freshness degree re- 

50 corded immediately before the faulty portion prior 
to occurrence of the fault, without changing it. 

3. The tape storage device according to claim 1 , 
wherein the skip recording section continuously 

55 records data and data freshness degrees in por- 
tions subsequent to the faulty portion on the tape 
recording medium, using a data freshness degree 
that is equal to or higher than the data freshness 
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degree just recorded immediately before the faulty 
portion. 

4. The tape storage device according to claim 1 , 

wherein when the data is the last of data to be 5 
sequentially recorded by the recording section, the 
reading section reads the data freshness degree of 
a predetermined area ahead of a location where the 
last data is to be recorded on the tape recording me- 
dium, and 10 

the skip recording section allows the record- 
ing section to record a data freshness degree higher 
than the data freshness degree of the predeter- 
mined area, in association with the data. 

15 

5. The tape storage device according to claim 1 , fur- 
ther comprising: 



7. The tape storage device according to claim 6, 
wherein the skip recording section records a data 
freshness degree lower than the data freshness de- 
gree recorded immediately before the faulty portion, 
in the faulty portion. 

8. The tape storage device according to claim 6, fur- 
ther comprising a reading section which reads a 
faulty portion freshness degree when it is deter- 
mined that the fault occurs, the faulty portion fresh- 
ness degree being the data freshness degree of the 
faulty portion, 

wherein, based on the faulty portion fresh- 
ness degree, the skip recording section allows the 
recording section to record a data freshness degree 
indicating that the data will be overwritten except 
the faulty portion. 



an acquiring section which acquires a written 
data freshness degree from the tape recording 20 
medium, the written data freshness degree be- 
ing a datafreshness degree for use in recording 
on the tape recording medium; and 
a written freshness degree determining section 
which determines whether or notthe written da- 25 
ta freshness degree is erroneous, 

wherein in a case where it is determined that 
the written datafreshness degree is erroneous, 

the reading section reads the faulty portion 30 
freshness degree, which is the data freshness de- 
gree of a faulty portion in recording on the tape re- 
cording medium, when it is determined that the fault 
occurs, and 

the skip recording section allows the record- 35 
ing section to record a datafreshness degree higher 
than the faulty portion freshness degree, immedi- 
ately before the faulty portion. 

6. A tape storage device which sequentially records 40 
data, comprising: 

a recording section which records a data fresh- 
ness degree on atape recording medium, in as- 
sociation with new data to be newly recorded, 45 
the data freshness degree being information in- 
dicating how new the new data is with respect 
to already-recorded old data; 
a determining section which determines wheth- 
er or not a fault occurs in recording on the tape 50 
recording medium performed by the recording 
section; and 

a skip recording section which allows the re- 
cording section to record a value when it is de- 
termined that the fault occurs, the value indicat- 55 
ing that a faulty portion on the tape recording 
medium retains old invalid data. 



9. The tape storage device according to any one of 
claims 1 to 8, wherein the tape storage device is a 
tape drive based on the LTO specifications, and the 
tape recording medium is a tape recording medium 
based on the LTO specifications. 

10. A control unit for controlling atape drive unit includ- 
ing a recording section which sequentially records 
a data freshness degree on a tape recording medi- 
um, in association with new data to be newly record- 
ed, and a reading section which reads a data fresh- 
ness degree, the data freshness degree being in- 
formation indicating how new the new data is with 
respect to already-recorded old data, the control 
unit comprising: 

a determining section which determines wheth- 
er or not a fault occurs in recording on the tape 
recording medium performed by the recording 
section, and which allows the reading section 
to read a faulty portion freshness degree when 
it is determined that the fault occurs, the faulty 
portion freshness degree being the data fresh- 
ness degree of a faulty portion on the tape re- 
cording medium; and 

a skip recording section which allows the re- 
cording section to record a data freshness de- 
gree higher than the faulty portion freshness 
degree, immediately before the faulty portion. 

1 1 . A control unit for controlling a tape drive unit includ- 
ing a recording section which records a data fresh- 
ness degree on a tape recording medium, in asso- 
ciation with new data to be newly recorded, and a 
reading section which reads a data freshness de- 
gree, the data freshness degree being information 
indicating how new the new data is with respect to 
already-recorded old data, the control unit compris- 
ing: 
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a determining section which determines wheth- 
er or not a fault occurs in recording on the tape 
recording medium performed by the recording 
section; and 

a skip recording section which allows the re- 
cording section to record a value when it is de- 
termined that the fault occurs, the value indicat- 
ing that a faulty portion on the tape recording 
medium retains old invalid data. 

12. A control method of controlling a tape storage de- 
vice which sequentially records data, the method 
comprising the steps of: 

allowing a data freshness degree to be record- 
ed on a tape recording medium, in association 
with new data to be newly recorded, the data 
freshness degree being information indicating 
how new the new data is with respect to al- 
ready-recorded old data; 
determining whether or not a fault occurs in re- 
cording on the tape recording medium; 
allowing a faulty portion freshness degree to be 
read when it is determined that the fault occurs, 
the faultyportion freshness degree being the 
data freshness degree of a faulty portion on the 
tape recording medium; and 
allowing a data freshness degree higher than 
the faulty portion freshness degree to be re- 
corded immediately before the faulty portion. 

13. A control method of controlling a tape storage de- 
vice which sequentially records data, the method 
comprising the steps of: 

allowing a data freshness degree to be record- 
ed on a tape recording medium, in association 
with new data to be newly recorded, the data 
freshness degree being information indicating 
how new the new data is with respect to al- 
ready-recorded old data; 
determining whether or not a fault occurs in re- 
cording on the tape recording medium; and 
allowing a value to be recorded when it is de- 
termined that the fault occurs, the value indicat- 
ing that a faulty portion on the tape recording 
medium retains old invalid data. 

14. The control method according to any one of claims 
1 2 and 1 3, wherein the tape storage device is a tape 
drive based on the LTO specifications, and the tape 
recording medium is a tape recording medium 
based on the LTO specifications. 

15. A program for controlling a tape storage device by 
using a computer, the tape storage device sequen- 
tially recording data, the program allowing the com- 
puter to realize: 



a function of recording a data freshness degree 
on a tape recording medium, in association with 
new data to be newly recorded, the data fresh- 
ness degree being information indicating how 
5 new the new data is with respect to already-re- 

corded old data; 

a function of determining whether or not a fault 
occurs in recording on the tape recording me- 
dium; 

10 a function of reading a faulty portion freshness 

degree when it is determined that the fault oc- 
curs, the faulty portion freshness degree being 
the data freshness degree of a faulty portion on 
the tape recording medium; and 
15 a function of recording a data freshness degree 

higher than thefaulty portion freshness degree, 
immediately before the faulty portion. 

16. A program for controlling a tape storage device by 
20 using a computer, the tape storage device sequen- 
tially recording data, the program allowing the com- 
puter to realize: 

a function of recording a data freshness degree 
25 on a tape recording medium, in association with 

new data to be newly recorded, the data fresh- 
ness degree being information indicating how 
new the new data is with respect to already-re- 
corded old data; 
30 a function of determining whether or not a fault 

occurs in recording on the tape recording me- 
dium; and 

a function of recording a value when it is deter- 
mined that the fault occurs, the value indicating 
35 that a faulty portion on the tape recording me- 

dium retains old invalid data. 

17. The program according to any one of claims 15 and 
1 6, wherein the tape storage device is a tape drive 

40 based on the LTO specifications, and the tape re- 
cording medium is a tape recording medium based 
on the LTO specifications. 

18. A recording medium storing a program for control- 
45 Hng a tape storage device by using a computer, the 

tape storage device sequentially recording data, the 
program allowing the computer to realize: 

a function of recording a data freshness degree 
50 on a tape recording medium, in association with 

new data to be newly recorded, the data fresh- 
ness degree being information indicating how 
new the new data is with respect to already-re- 
corded old data; 
55 a function of determining whether or not a fault 

occurs in recording on the tape recording me- 
dium; 

a function of reading a faulty portion freshness 
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degree when it is determined that the fault oc- 
curs, the faulty portion freshness degree being 
the data freshness degree of a faulty portion on 
the tape recording medium; and 
a function of recording a data freshness degree 5 
higherthan thefaulty portion freshness degree, 
immediately before the faulty portion. 



19. A recording medium storing a program for control- 
ling a tape storage device by using a computer, the 10 
tape storage device sequentially recording data, the 
program allowing the computer to realize: 



a function of recording a data freshness degree 
on a tape recording medium, in association with 15 
new data to be newly recorded, the data fresh- 
ness degree being information indicating how 
new the new data is with respect to already-re- 
corded old data; 

a function of determining whether or not a fault 20 
occurs in recording on the tape recording me- 
dium; and 

a function of recording a value when it is deter- 
mined that the fault occurs, the value indicating 
that a faulty portion on the tape recording me- 25 
dium retains old invalid data. 



20. The recording medium according to any one of 
claims 1 8 and 1 9, wherein the tape storage device 
is a tape drive based on the LTO specifications, and 30 
the tape recording medium is a tape recording me- 
dium based on the LTO specifications. 
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Pig. 5 
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Fig. 6 
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